Linearized New Keynesian models and empirical no-arbitrage macro-…nance models o¤er little insight regarding the implications of changes in bond term premiums for economic activity. We investigate these implications using both a structural model and a reduced-form framework. We show that there is no structural relationship running from the term premium to economic activity, but a reduced-form empirical analysis does suggest that a decline in the term premium has typically been associated with stimulus to real economic activity, which contradicts earlier results in the literature.
The puzzlement over the recent low and relatively stable levels of long-term interest rates has generated much interest in trying to understand both the source of these low rates and their economic implications. In addressing these issues, it is useful to divide the yield on a long-term bond into an expected rate component that re ‡ects the anticipated average future short rate for the maturity of the bond and a term premium component that re ‡ects the compensation that investors require for bearing the interest rate risk from holding long-term instead of short-term debt. Chairman Greenspan's later July 2005 monetary policy testimony suggested that the conundrum likely involved movements in the latter component, noting that "a signi…cant portion of the sharp decline in the ten-year forward one-year rate over the past year appears to have resulted from a fall in term premiums." This interpretation has been supported by estimates from various …nance and macro-…nance models that indicate that the recent relatively stable ten-year Treasury yield re ‡ects the fact that the upward revisions to expected future short rates that accompanied the monetary policy tightening were o¤set, on balance, by a decline in the term premium (e.g., Kim 1 For example, from January 1994 to February 1995, the Federal Reserve raised the federal funds rate by 3 percentage points, and the ten-year rate rose by 1.7 percentage points. 2 Of course, as we discuss in detail below, such decompositions of the long rate into expected rates and It is this recent experience of a declining term premium in long-term rates that motivates our paper. We examine what is known-both in theory and from the data-about the macroeconomic implications of changes in the term premium. This topic is especially timely To the extent that the decline in forward rates can be traced to a decline in the term premium, . . . the e¤ect is …nancially stimulative and argues for greater monetary policy restraint, all else being equal. Speci…cally, if spending depends on long-term interest rates, special factors that lower the spread between shortterm and long-term rates will stimulate aggregate demand. Thus, when the term premium declines, a higher short-term rate is required to obtain the longterm rate and the overall mix of …nancial conditions consistent with maximum sustainable employment and stable prices.
Under this "practitioner" view, which is also prevalent among market analysts and professional macroeconomic forecasters, the recent fall in the term premium provided a boost to real economic activity, and, therefore, optimal monetary policy should have followed a relatively more restrictive path as a counterbalance. 3 Unfortunately, this practitioner view of the macroeconomic and monetary policy implications of a drop in the term premium is not supported by the simple linearized New Keynesian model of aggregate output that is currently so popular among economic researchers. In that model, output is determined by a forward-looking IS curve:
a term premium are subject to considerable uncertainty. 3 Such a view was expressed, for example, in a January 2005 Macroeconomic Advisers commentary that argued that the low term premium was keeping …nancial conditions accommodative and "would require the Fed to 'do more'with the federal funds rate to achieve the desired rate of growth." where y t denotes aggregate output and i t E t t+1 is the one-period ex ante real interest rate. Solving this equation forward, output can be expressed as a function of short-term real interest rates alone:
According to this equation, it is the expected path of the short-term real interest rate that determines the extent of intertemporal substitution and hence current output. Long-term interest rates matter only because they embed expectations of future short-term interest rates (as in McGough, Rudebusch, and Williams 2005) . Taken literally, this simple analytic framework does not allow shifts in the term premium to a¤ect output; therefore, according to this model, the recent decline in the term premium should be ignored when constructing optimal monetary policy, and the only important consideration should be the restraining in ‡uence of the rising expected rate component.
Given these contradictory practitioner and New Keynesian views about the macroeco- 
A Structural Model of the Term Premium and the Economy
In this section, we use a standard structural macroeconomic DSGE framework to study the relationship between the term premium and the economy. In principle, such a framework can completely characterize this relationship; however, in practice the DSGE asset pricing framework has a number of well-known computational and practical limitations that keep it from being a useful empirical workhorse. Nevertheless, the framework can provide interesting qualitative insights, as we will now show.
An Asset Pricing Representation of the Term Premium
As in essentially all asset pricing, the fundamental equation that we assume prices assets in the economy is the stochastic discounting relationship:
where p t denotes the price of a given asset at time t and m t+1 denotes the stochastic discount factor that is used to value the possible state-contingent payo¤s of the asset in period t + 1. Speci…cally, the price of a default-free n-period zero-coupon bond that pays one dollar at maturity, p
Equation (5) does not have an easy interpretation without imposing additional structure on the stochastic discount factor, such as conditional log-normality. Nonetheless, even in this general form, equation (5) highlights an important point: The term premium is not exogenous, as a change in the term premium can only be due to changes in the stochastic discount factor. Thus, to investigate the relationship between the term premium and the economy in a structural model, we must …rst specify why the stochastic discount factor in the model is changing.
In general, the stochastic discount factor will respond to all of the various shocks affecting the economy, including innovations to monetary policy, technology, and government purchases. Of course, these di¤erent types of shocks also have implications for the determination of output and other economic variables. Thus, we would expect the correlation between the term premium and output to depend on which structural shock was driving the change in the term premium. We next elaborate on this point using a simple structural model.
A Benchmark DSGE Structural Model
The expression for the term premium described by equation (5) is quite general but not completely transparent, since it does not impose any structure on the stochastic discount factor. Thus, to illuminate the structural relationship between the term premium and the macroeconomy, we introduce a simple benchmark New Keynesian DSGE model.
The basic features of the model are as follows. Households are representative and have preferences over consumption and labor streams given by:
where denotes the household's discount factor, c t denotes consumption in period t, l t denotes labor, h t denotes a predetermined stock of consumption habits, and , , 0 , and b are parameters. We set h t = C t 1 , the level of aggregate consumption in the previous period, so that the habit stock is external to the household. There is no investment in physical capital in the model, but there is a one-period nominal risk-free bond and a longterm default-free nominal consol which pays one dollar every period in perpetuity (under our baseline parameterization, the duration of the consol is about 25 years). The economy also contains a continuum of monopolistically competitive …rms with …xed, …rm-speci…c capital stocks that set prices according to Calvo contracts and hire labor competitively from households. The …rms' output is subject to an aggregate technology shock. Furthermore, we assume there is a government that levies stochastic, lump-sum taxes on households and destroys the resources it collects. Finally, there is a monetary authority that sets the oneperiod nominal interest rate according to a Taylor-type policy rule:
where i denotes the steady-state nominal interest rate, y t denotes output, t denotes the in ‡ation rate (equal to P t =P t 1 1), " i t denotes a stochastic monetary policy shock, and i , g y , and g are parameters. 6 This basic structure is very common in the macroeconomics literature, so details of the speci…cation are presented in the Appendix.
In equilibrium, the representative household's optimal consumption choice satis…es the Euler equation:
where P t denotes the dollar price of one unit of consumption in period t. The stochastic discount factor is given by:
The nominal consol's price, p
(1) t , thus satis…es:
We de…ne the risk-neutral consol price p
(1)rn t to be:
6 Note that the interest rate rule we use here is a function of output growth rather than the output gap. We chose to use output growth in the rule because de…nitions of potential output (and hence the output gap) can sometimes be controversial. In any case, our results are not very sensitive to the inclusion of output growth in the policy rule-for example, if we set the coe¢ cient on output growth to zero, all of our results are essentially unchanged. We also follow much of the literature in assuming an "inertial" policy rule with gradual adjustment and i.i.d. policy shocks. However, Rudebusch (2002 Rudebusch ( , 2006 argues for an alternative speci…cation with serially correlated policy shocks and little such gradualism. The implied term premium is then given by:
Having speci…ed the benchmark model, we can now solve the model and compute the responses of the term premium and the other variables of the model to economic shocks.
Parameters of the model are given in the Appendix. We solve the model by the standard procedure of approximation around the nonstochastic steady state, but because the term premium is zero in a …rst-order approximation and constant in a second-order approximation,
we compute a third-order approximation to the solution of the model using the nth-order approximation package described in Swanson, Anderson, and Levin (2006), called perturbation AIM.
In Figures 1, 2 , and 3, we present the impulse response functions of the term premium and output to a one percentage point monetary policy shock, a one percent aggregate technology shock, and a one percent government purchases shock, respectively. These impulse responses demonstrate that the relationship between the term premium and output depends on the type of structural shock. For monetary policy and technology shocks, a rise in the term premium is associated with current and future weakness in output. By contrast, for a shock to government purchases, a rise in the term premium is associated with current and future output strength. Thus, even the sign of the correlation between the term premium and output depends on the nature of the underlying shock that is hitting the economy.
A second observation to draw from Figures 1, 2, and 3 is that, in each case, the response of the term premium is quite small, amounting to less than one-third of one basis point even at the peak of the response! Indeed, the average level of the term premium for the consol in this model is only 15.7 basis points (bp). 8 This …nding foreshadows one of the primary 7 The continuously-compounded yield to maturity of the consol is given by log[p=(p 1)]. To express the term premium in annualized basis points rather than in logs, equation (12) must be multiplied by 40,000. We obtained qualitatively similar results using alternative term premium measures in the model, such as the term premium on a two-period zero-coupon bond. 8 From the point of view of a second-or third-order approximation, this result is not surprising, since only under extreme curvature or large stochastic variances do second-or third-order terms matter much in a macroeconomic model. Some research has arguably employed such model modi…cations to account for the term premium. For example, Hördahl, Tristani, and Vestin (2006b) assume that the technology shock has a limitations of the structural approach to modeling term premiums, which we will discuss in more detail below.
Finally, we note that, although this structural model is very simple, in principle there is no reason why the same analysis cannot be performed using larger and more realistic DSGE models, such as Smets and Wouters (2003), Christiano, Eichenbaum, and Evans (2005) , or the extensions of these in use at a number of central banks and international policy institutions. 9 Even with these larger models, we can describe the term premium response to any given structural shock and the broader implications of the shock for the economy and optimal monetary policy.
Limitations of the DSGE Model of the Term Premium
Using a structural DSGE model to investigate the relationship between the term premium and the economy has advantages in terms of conceptual clarity, but there are also a number of limitations that prevent the structural modeling approach from being useful at present as an empirical workhorse for studying the term premium. This remains true despite the increasing use of structural macroeconomic models at policymaking institutions for the study of other macroeconomic variables, such as output and in ‡ation. These limitations generally fall into two categories: theoretical uncertainties and computational intractabilities.
Regarding the former, even though some DSGE models-sometimes crucially augmented with highly persistent structural shocks-appear to match the empirical impulse responses of macroeconomic variables, such as output and in ‡ation, researchers do not agree on how to specify these models to match asset prices. The possibility that a heterogeneous-agent model is necessary to understand risk premiums poses perhaps the most daunting challenge for structural modelers of the term premium.
In the case of heterogeneous agents with limited participation in …nancial markets, di¤erent households'valuations of state-contingent claims are not equalized, so determining equilibrium asset prices can become much more complicated than in the representative household case. Although a stochastic discount factor still exists under weak assumptions even in the heterogeneous-household case, it need not conform to the typical utility functions that are in use in current structural macroeconomic models. 10 The structural approach to asset pricing also faces substantial computational challenges, particularly for the larger-scale models that are becoming popular for the analysis of macroeconomic variables. Closed-form solutions do not exist in general, and full numerical solutions are computationally intractable except for the simplest possible models. 11 The standard approach of log-linearization around a steady state that has proved so useful in macroeconomics is unfortunately not applicable to asset pricing, since it eliminates all risk premiums in the model by construction. Some extensions of this procedure to a hybrid log-linear log-normal approximation (Wu 2006 and Bekaert, Cho, and Moreno 2005) and to a full second-order approximation around steady state (Hördahl, Tristani, and Vestin 2006b) are only moderately more successful, since they imply that all risk premiums in the model are constant (in other words, these authors all assume the weak form of the Expectations Hypothesis). Obtaining a local approximation that actually produces time-varying risk or term premiums requires a full third-order approximation, as in our analysis above and in Ravenna and Seppälä (2006) .
Even then, the implied time variation in the term premium is very small, due to the inherently small size of third-order terms, unless one is willing to assume very large values for the curvature of agents'utility functions, very large stochastic shock variances, and/or very high degrees of habit persistence (which goes back to the theoretical limitations discussed above). Thus, the computational challenges in computing the asset pricing implications of DSGE models, while becoming less daunting over time, remain quite substantial.
VAR-based Macro-Finance Models
The …rst paper in the no-arbitrage macro-…nance literature was Ang and Piazzesi (2003).
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They assume that the economy follows a VAR:
where the vector X t contains output, in ‡ation, the one-period nominal interest rate, and two latent factors (discussed below). The stochastic shock " t is i.i.d. over time. In this model, the one-period nominal interest rate, i t , is determined by a Taylor-type monetary policy rule based on X t , so that the model-implied expected path of the short-term interest rate is known at any point in time.
The VAR, however, does not contain any information about the stochastic discount factor.
Ang and Piazzesi simply assume that the stochastic discount factor falls into the essentially a¢ ne class, as in standard latent-factor …nance models, so it has the functional form:
and long-term rates). Thus, the Ang-Piazzesi model can e¤ectively capture the extent to which changes in macroeconomic conditions a¤ect the term premium, but it cannot capture any aspects of that relationship running in the reverse direction. 13 In this regard, their model falls short of addressing the topic of interest in the present paper. 14 Bernanke, Reinhart, and Sack (2005), denoted BRS, employ a similar model but assume that the state vector X t consists entirely of observable macroeconomic variables, which determine both short-rate expectations (through the VAR) and the prices of risk (15) . By eliminating the use of latent variables, the empirical implementation of the model is simpli…ed tremendously. Of course, as in Ang and Piazzesi, the BRS framework will capture e¤ects of movements in the term premium driven by observable factors included in the VAR, but it does not empirically separate the role of the term premium from that of lagged macroeconomic variables. Note that the BRS speci…cation, as in Ang-Piazzesi, does not include longer-term interest rates in the VAR (but in this case does include the short-term interest rate), implying that movements in the term premium not captured by the included variables are assumed to have no e¤ect on the dynamics of the economy. and term premium components of the …ve-year yield, so it is only able to capture distinct e¤ects from these two components if they are correlated (in di¤erent ways) with the other 13 Even when movements in the term premium are driven by the observed macroeconomic variables (output and in ‡ation) rather than the latent factors, the Ang-Piazzesi model fails to identify e¤ects of the term premium on the macroeconomy. For example, suppose higher in ‡ation is estimated to raise the term premium and lead to slower growth in the future. We cannot ascribe the slower growth to the term premium, because the higher in ‡ation may also predict tighter monetary policy or other factors that would be expected to slow the economy. Note that the VAR does at least partially address the issue that not all movements in the term premium are created equal since the predictive power of a change in the term premium will depend on the speci…c combination of economic factors driving it.variables in the VAR (which are, speci…cally, the short-term interest rate and GDP growth).
Even then, it would not be possible in their model to disentangle the direct e¤ects of the short-term interest rate and GDP growth on future output from the indirect e¤ects that changes in those variables have on the term premium; it is in this respect that the APW model cannot help answer the question we are interested in, even though it allows a separate role for longer-term yields in the VAR. 
New Keynesian Macro-Finance Models
A separate strand of the macro-…nance literature has attempted to bridge the gulf between DSGE models and VAR-based macro-…nance models by incorporating more economic structure into the latter. Speci…cally, these papers replace the reduced-form VAR in the macro…nance models with a structural New Keynesian macroeconomic model that governs the dynamics of the macroeconomic variables.
An early and representative paper in this literature was written by Hördahl, Tristani, and Vestin (2006a), denoted HTV. They begin with a basic New Keynesian structural model in which output, in ‡ation, and the short-term nominal interest rate are governed by the equations: 15 Ang, Piazzesi, and Wei (2006) also present some related reduced-form results on the forecasting power of the term premium for future GDP growth, which we discuss in more detail in Section 4. Equation (16) describes a New Keynesian curve that allows for some degree of habit formation on the part of households through the lagged output term, equation (17) describes a New Keynesian Phillips curve that allows for some rule-of-thumb price setters through the lagged in ‡ation term, and equation (18) describes the monetary authority's Taylor-type short-term interest rate reaction function. Equations (16) and (17) are structural in the sense that they can be derived from a log-linearization of household and …rm optimality conditions in a simple structural New Keynesian DSGE model along the lines of our benchmark model in Section 2.1 (although HTV modify this structure by allowing the long-run in ‡ation objective, t , to vary over time).
In contrast to a DSGE asset pricing model, however, HTV model the term premium using an ad hoc a¢ ne structure for the stochastic discount factor, as in the VAR-based models above. Although this approach is not completely structural, it makes the model computationally tractable and provides a good …t to the data while allowing the term premium to vary over time in a manner determined by macroeconomic conditions that are determined structurally (to …rst order). The true appeal of this type of model is that it is parsimonious and simple while allowing for expectations to in ‡uence macroeconomic dynamics and for the term premium to vary nontrivially to macroeconomic developments.
However, the HTV model also does not allow the term premium to feed back to macroeconomic variables. As in the standard linearized New Keynesian model, the structure of the IS curve in the HTV model assumes that economic activity depends only on expectations of the short-term real interest rate and not on the term premium. An important caveat worth repeating from Section 2 is that there is only a reduced-form relationship-not a structural one-between the term premium and future output growth, so even the sign of their pairwise correlation over a given sample will depend on which types of shocks were most in ‡uential. Nevertheless, it may be of interest to consider the average correlation between future output growth and changes in the term premium over some recent history. If the mixture of shocks is expected to remain relatively stable, then the average estimated reduced-form relationship between the term premium and future economic growth could be useful for forecasting. For this reason, the historical relationship may provide useful information to a policymaker who has to decide whether and how to respond to a given change in the term premium.
Evidence in the Literature
Recent research relating the term premium to subsequent GDP growth have been part of a much larger literature on the predictive power of the slope of the yield curve. A common approach in this literature is to investigate whether the spread between short-term and longterm interest rates has signi…cant predictive power for future GDP growth by estimating a regression of the form:
where y t is the log of real GDP at time t and i (n) t is the n-quarter interest rate (usually a longer-term rate such as the ten-year Treasury yield). 18 The standard …nding is that the estimated coe¢ cient 2 is signi…cant and positive, indicating that the yield curve slope helps predict growth.
Note that equation (19) is a reduced-form speci…cation that has no economic structure.
However, it can be motivated by thinking of the long-term interest rate as a proxy for the neutral level of the nominal funds rate, so that the yield curve slope captures the current stance of monetary policy relative to its long-run level. For example, a steep yield curve slope (with short rates unusually low relative to long rates) would indicate that policy is accommodative and would be associated with faster subsequent growth, thus accounting for the positive coe¢ cient.
In this respect, the use of the long-term interest rate in the regression (19) is motivated entirely by the component related to the risk-neutral, long-run level of the short rate. But the long-term rate also includes a term premium; hence, any variation in this premium will a¤ect the performance of the equation. Indeed, it is useful to decompose the yield curve slope into these two components, as follows:
The …rst term captures the expectations component, or the proximity of the short rate to its expected long-run level. The second component is the term premium, or the amount by which the long rate exceeds the expected return from investing in a series of short-term instruments. For notational simplicity, we will denote the …rst component in (20) as exsp t (that is, the expected rate component of the yield spread) and the second, term premium component as tp t .
With this decomposition, the prediction equation (19) can be generalized as follows:
The standard equation (19) imposes the coe¢ cient restriction 2 = 3 . Loosening that restriction allows the term premium to have a di¤erent implication for subsequent growth than the expected rate component. 19 Several recent papers have considered this issue, as we will brie ‡y summarize.
The …rst paper to examine the importance of the above decomposition for forecasting was Hamilton and Kim (2002) , which forecasts future GDP growth using a spread between the ten-year and three-month Treasury yields in equation (19) . The innovation of their paper is that it then separates the yield spread into the expectations and term premium components considered in equation (21) . The authors achieve this separation by considering the ex post realizations of short rates, using instruments known ex ante to isolate the expectations component. They …nd that the coe¢ cients 2 and 3 are indeed statistically signi…cantly di¤erent from one another, although both coe¢ cients are estimated to be positive. Note that a positive value for 3 implies that a decline in the term premium is associated with slower future growth.
A second paper that decomposes the predictive power of the yield spread into its expectations and term premium components is Favero, Kaminska, and Söderström (2005). These authors di¤er from Hamilton and Kim (2002), however, by using a real-time VAR to compute short-rate expectations rather than a regression of ex post realizations of short rates on ex ante instruments. As in Hamilton and Kim (2002) , they …nd a positive sign for the coe¢ cient 3 , so that a lower term premium again predicts slower GDP growth.
A third relevant paper is by Wright (2006) , who touches on this issue in the context of a probit model for forecasting recessions. Wright considers the predictive power of the yield slope, and then he investigates whether the return forecasting factor from Cochrane and Piazzesi (2005) also enters those regressions signi…cantly. Since this factor is correlated with the term premium, he is implicitly controlling for the term premium as in equation (21) . He 19 Since this equation is intended to capture the e¤ects on output from changes in interest rates, it is not far removed from the literature on estimating IS curves. Most empirical implementations of the IS curve, however, assume that output is related to short-term interest rates rather than long-term interest rates. Or, as seen in Fuhrer and Rudebusch (2004) , these papers focus on the component of long rates tied to short-rate expectations, following the New Keynesian output equation very closely. As a result, even this literature is more closely tied to estimating the parameter 2 than the parameter 3 . …nds that this factor is insigni…cant for predicting recessions over horizons of two or four quarters but has a signi…cant negative coe¢ cient for predicting recessions over a six-quarter horizon; that is, a lower term premium raises the odds of a recession, consistent with the …ndings of the other papers that it would predict slower growth.
A …nal reference is Ang, Piazzesi, and Wei (2006). As noted above, they use a VAR that includes long rates, GDP growth, and a short rate, but they cannot separate out the e¤ects of the term premium from other movements in long-term interest rates. However, the authors do calculate the expected rate and term premium components of the long rate as implied by the VAR, and then they estimate the forecasting equation (21), allowing for di¤erent e¤ects from these two components. In contrast to the previously discussed papers, APW …nd that the term premium has no predictive power for future GDP growth; that is, the coe¢ cient 3 is zero.
Overall, the handful of papers that have directly tackled the predictive power of the term premium have produced results that starkly contrast with the intuition that Chairman
Bernanke expressed in his March 2006 speech (see the introduction). The empirical studies
to date suggest that, if anything, the relationship has the opposite sign from the practitioner view. According to these results, policymakers had no basis for worrying that the decline in the term premium might be stimulating the economy and instead should have worried that it was a precursor to lower GDP growth.
Empirical Estimates of the Term Premium
Estimation of equation (21), requires a measure of the term premium, and there are a variety of possibilities in the literature. We begin our empirical analysis by collecting a number of the prominent term premium measures and examining some of the similarities and di¤erences among them.
Speci…cally, we consider …ve measures of the term premium on a zero-coupon nominal ten-year Treasury security, as follows: 20 20 Note that some of these term premium measures are adjusted for convexity (e.g., Kim-Wright, Bernanke-
VAR measure:
The …rst of these measures, which we label the "VAR" measure, is based on a straightforward projection of the short rate from a simple but standard threevariable macroeconomic VAR comprising four lags each of the unemployment rate, quarterly in ‡ation in the consumer price index, and the three-month Treasury bill rate. At each date the VAR can be used to forecast the short rate over a given horizon, and the average expected future short rate can be used as an estimate of the risk-neutral long-term rate of that maturity. 21 The di¤erence between the observed long-term rate and the risk-neutral longterm rate then provides a simple estimate of the term premium. This approach has been 
Bernanke-Reinhart-Sack measure:
A potential shortcoming of using a VAR to estimate the term premium is that it does not impose any consistency between the yield curve at a given point in time and the VAR's projected evolution of those yields. Such pricing consistency can be imposed by using a no-arbitrage model of the term structure. As discussed in Section 3, a no-arbitrage structure can be laid on top of a VAR to estimate the behavior of the term premium, as in Bernanke, Reinhart, and . Here, we consider the term premium estimate from that paper, as updated by Rudebusch, Swanson, and Wu (2006).
Rudebusch-Wu measure:
No-arbitrage restrictions can also be imposed on top of a New Keynesian macroeconomic model. Here we take the term premium estimated from one such model, Wu (2004, 2006) , discussed in Section 2. As with the BernankeReinhart-Sack measure, this term premium measure was extended to a longer sample by Rudebusch, Swanson, and Wu (2006), and we use this extended version below.
Kim-Wright measure:
One can also estimate the term premium using a standard Reinhart-Sack, Rudebusch-Wu), and some are not (e.g., our VAR-based measure and our extension of the Cochrane-Piazzesi measure). The adjustment for convexity has little or no impact on our results, howeverfor example, the correlation between the VAR-based term premium measure and the Kim-Wright and Bernanke-Reinhart-Sack measures are .94 and .96, respectively. 21 Of course, there are several reasons for not taking these VAR projections too seriously as good measures of the actual interest rate expectations of bond traders at the time. Rudebusch (1998) describes three important limitations of such VAR representations: (1) the use of a time-invariant, linear structure, (2) the use of …nal revised data and full-sample estimates, and (3) the limited number of information variables. We examined several rolling-sample estimated VARs as well and obtained similar results.
no-arbitrage dynamic latent factor model from …nance (with no macroeconomic structure underlying the factors). In these models, risk-neutral yields and the term premium are determined by latent factors that are themselves linear functions of the observed bond yield data. We use the term premium measure from a three-factor model discussed by Kim and Wright (2005) , which we extend back to 1961. factor-a particular combination of current forward rates-predicts a considerable portion of the one-year excess holding period returns for Treasury securities. For our purposes, however, we are interested in the term premium on a ten-year security, or the (annualized) excess return expected over the ten-year period. Sack (2006a) shows how to convert the Cochrane-Piazzesi one-year holding period results into a term premium measure. Speci…cally, the expected one-period excess returns implied by the Cochrane-Piazzesi estimates, together with the one-year risk-free rate, imply an expected set of zero-coupon yields one year ahead (since the only way to generate expected returns on zero-coupon securities is through changes in yield). Those expected future yields can then be used to compute the expected CochranePiazzesi factor one year ahead and, hence, the expected excess returns over the one-year period beginning one year ahead. By iterating forward, one can compute the expected excess return for each of the next ten years, thereby yielding a measure of the term premium on the ten-year security.
As is clear from the above descriptions, the approaches used to derive the …ve term premium measures di¤er considerably in terms of the variables included and the theoretical restrictions incorporated. Nevertheless, the measures show many similar movements over time, as can be seen in Figure 4 , which plots the …ve measures of the term premium for the ten-year zero-coupon Treasury yield back to 1984. 22 We extend the Kim-Wright measure back to 1961 by regressing the three Kim-Wright latent factors on the …rst three principal components of the yield curve and using these coe¢ cients to estimate the KimWright factors in prior years. Because the term premium in the model is a linear function of observed yields, and because the Kim-Wright model …ts the yield curve data very well, this exercise should come very close to deriving the same factors that would be implied if we extended their model back to 1961. Over the period where our proxy and the actual Kim-Wright term premium overlap, the correlation between the two measures is 0.998 and the average absolute di¤erence between them is less than 4 basis points.
Three of the measures, in particular-those from the VAR, Bernanke-Reinhart-Sack, and Kim-Wright-are remarkably highly correlated over this period. 23 As shown in The greater stability of the Rudebusch-Wu measure can be easily understood. Their underlying model attributes much of the variation in the ten-year Treasury yield to changes in the expected future path of short rates re ‡ecting, in their framework, variation in the perceived in ‡ation target of the central bank. That assumption is supported by other research. For example, Gürkaynak, Sack, and Swanson (2005) found signi…cant systematic variation in far-ahead forward nominal interest rates in response to macroeconomic news in a way that suggested changes in in ‡ation expectations rather than changes in term premiums. Similarly, Kozicki and Tinsley (2001) found that statistical models that allow for a "moving endpoint" are able to …t interest rate and in ‡ation time series much better than standard stationary or di¤erence-stationary VARs. By attributing more of the movement in long rates to short-rate expectations, the Rudebusch-Wu analysis does not need as much variation in the term premium to explain the observed variation in yields. 24 23 These correlations are very high in comparison to, say, the zero correlations exhibited by various authors' measures of monetary policy shocks, as noted in Rudebusch (1998) . 24 One could argue that a weakness of the other term premium estimates is that they are based on models that assume the long-run features of the economy, such as the steady-state real interest rate and rate of in ‡ation, are completely anchored. negative. This behavior partly shows through to the implied term premium measure.
Overall, Figure 4 provides us with a menu of choices for the analysis that follows. 25 Even with the di¤erences noted above, the …ve measures show considerable similarities in their variation over this sample. Indeed, the …rst principal component captures 95 percent of the variation in these …ve term premium estimates. In the analysis in the next section, we focus our attention on the Kim-Wright measure. This measure appears to be representative of the other measures considered. In fact, it is very highly correlated (0.99) with the …rst principal component of all …ve measures. Moreover, it has the advantage that it can be extended back to the early 1960s, allowing us to conduct our analysis over a longer sample.
The ten-year zero-coupon yield is shown in Figure 5 along with the two components based on the Kim-Wright term premium estimate. 26 As can be seen, both short-rate expectations and the term premium contributed to the run-up in yields through the early 1980s and, since then, to the decline in yields. As noted by Kim and Wright (2005) , the term premium recently has fallen to very low levels, a pattern consistent with the conundrum discussed by former Chairman Greenspan. Figure 6 plots this term premium measure along with the Congressional Budget O¢ ce (CBO) output gap and provides the …rst hint of a negative relationship between the two. It is this relationship that we now explore in more detail. 25 In contrast to the measures shown in Figure 4 , Ludvigson and Ng (2006) provide one that has considerable high-frequency variation and little persistence or predictive power for economic activity. However, we have some reservations about their identi…cation of the term premium and exclude it from our analysis. 26 The yield data considered here are from the Gürkaynak, Sack, and Wright (2006) database. Those authors do not recommend using the ten-year Treasury yield before 1971, as there are very few maturities at that horizon for estimating the yield curve. However, their ten-year yield is highly correlated with the Treasury constant maturity ten-year yield over that period, which justi…ed its use. All results that follow are robust to beginning the sample in 1971.
New Evidence on the Implications of the Term Premium
We begin by estimating the standard relationship between the slope of the yield curve and subsequent GDP growth, using the speci…cation in equation (19) . The long rate is a ten-year zero-coupon Treasury yield, taken from the Gürkaynak, Sack, and Wright (2006) database.
The short rate is the three-month Treasury bill rate from the Federal Reserve's H.15 data release. All data are quarterly averages, and the sample ranges from 1961:Q3 to 2005:Q4.
We examine both this full sample and a shorter subsample beginning in 1984, which arguably has a more consistent monetary policy regime (e.g., .
Results are presented in the …rst column of Table 2 . Over the full sample, we …nd that the coe¢ cient for the yield curve slope is highly statistically signi…cant and has a positive sign.
This estimate implies that a ‡atter yield curve predicts slower GDP growth, the standard …nding in the academic literature. Over the shorter sample, the estimated coe¢ cient loses its signi…cance, re ‡ecting another fact that is well-appreciated among researchers-that the predictive power of the yield curve slope for growth appears to have diminished in recent decades.
As discussed above, this approach is purely a reduced-form exercise that is not explicitly tied to a theoretical structure. However, a common motivation for using the yield curve slope as a predictor is that it serves as a proxy for the stance of monetary policy relative to its neutral level. Given this motivation, one would prefer to measure the yield curve slope based strictly on the portion of the long-term interest rate associated with expectations of the short-term rate. In that context, we can also ask how the other component of the long rate-the term premium-a¤ects growth. This consideration leads to speci…cation (21) above, in which the two components of the yield curve slope are allowed to have di¤erent predictive e¤ects for subsequent GDP growth.
We can implement this approach using the term premium measure described above. The results are shown in column (2). For both samples, the expectations-based component of the yield slope has slightly stronger predictive power than the pure yield curve slope (that is, the coe¢ cient on this component is slightly larger and more signi…cant than the coe¢ cient on the overall slope reported in column (1)). However, we are unable to reject the hypothesis that 2 = 3 at even the 10 percent level over either the post-1962 or post-1985 sample, and the coe¢ cient on the term premium, 3 , is not signi…cantly di¤erent from zero. This …nding is similar in spirit to the existing empirical evidence that the term premium has either a zero or slightly positive e¤ect on subsequent growth. Note that the only purpose of having a term premium measure, according to these results, is to determine the expectations component of the yield slope more accurately. The term premium itself has no predictive power for future growth.
However, the speci…cation of these regression equations seems somewhat at odds with the models we presented earlier. For example, the New-Keynesian IS curve (2) could be used to motivate the use of the yield curve slope, as it assumes that output is determined by the deviation of the real short-term interest rate from its equilibrium level. In that context, the expectations component of the yield curve slope might represent this variable, but that equation ties the current and expected stance of monetary policy to the level of the output gap. In contrast, the reduced-form speci…cations (19) and (21) relate the current stance of monetary policy (as approximated by the slope of the yield curve) to the growth rate of output. This speci…cation seems to di¤er from the more structural models by a derivative.
Moreover, the term premium in Figures 5 and 6 appears to be nonstationary or nearly nonstationary while GDP growth is much closer to being stationary. Thus, from a statistical point of view, speci…cations (19) and (21) are also highly suspect.
If we di¤erence equation (2) to arrive at a speci…cation in growth rates, it would suggest that it is changes in the stance of monetary policy that predict future GDP growth. 27 This suggests investigating whether GDP growth is tied to changes in the stance of policy and changes in the term premium, as opposed to the levels of those variables.
As an exploratory step in this direction, we re-estimate equation (21) with an additional one-year lag of the right-hand-side variables included in the regression. The results, shown in column (3), strongly hint that there is greater predictive power associated with the changes in these variables than with their levels. Indeed, one can reject the hypothesis that the coe¢ cients on the lagged variables are zero (at the 1 percent signi…cance level). Moreover, one cannot reject that the right-hand side variables only enter the regression as changes. That is, the hypothesis that the coe¢ cients on the lag of these components equal the negative of the coe¢ cients on their current levels cannot be rejected even at the 10 percent signi…cance level. A similar (though less striking) pattern is found in the shorter sample.
Since both the theory and the hypothesis tests in the preceding paragraph suggest that only di¤erences should matter, column (4) of the table presents results from estimating the baseline forecasting regression equation in di¤erences, namely:
The full sample results indicate that both components of the yield curve slope matter for future growth. The coe¢ cient on the risk-neutral expectations component of the yield curve slope is now larger and more statistically signi…cant than in any of the earlier speci…cations.
We can also overwhelmingly reject the hypothesis that 2 = 3 (with p-values less than 10 4 ). This …nding indicates that GDP growth is expected to be higher not when the shortterm interest rate is merely low relative to its long-run level, but when it has fallen relative to that level.
More importantly for this paper, we …nd that the estimated coe¢ cient on the term premium is now negative and (marginally) statistically signi…cant. According to these results, a decline in the term premium tends to be followed by faster GDP growth-the opposite sign of the relationship uncovered by previous empirical studies.
In the shorter sample, all of the coe¢ cients are again less signi…cant. However, we still reject the hypothesis that 2 = 3 (with p-value of .0395) in column (4), and the coe¢ cient on the change in the term premium is again negative and borderline statistically signi…cant.
Finally, we repeated the analysis in Table 2 using the year-on-year change in the CBO output gap as the predicted variable rather than the year-on-year change in output itself.
We do not report those results here in the interest of space, but they are very similar to those in Table 2 -speci…cally, the coe¢ cient on the term premium in column (4) remains negative and borderline statistically signi…cant (indeed the p-value on this coe¢ cient is less than .05 for the output gap speci…cation, compared to .052 in the output speci…cation in Table 2 ). By contrast, the estimated coe¢ cient of potential output on the term premium is always small and never statistically signi…cant. These results suggest that a decline in the term premium predicts a higher future value of the output gap rather than potential output, and that policymakers might want to take that prediction into account when formulating the optimal policy response.
Our …ndings line up with the intuition expressed by Chairman Bernanke when he won- The …rst, and perhaps most important, conclusion from our analysis is that policymakers should always try to determine the source of the change in the term premium. If that source can be identi…ed, then policymakers are advised to consider the repercussions of that underlying driving force more broadly rather than focusing exclusively on the change in the term premium. In this way, policymakers can take into account that the macroeconomic implications of the structural shifts or disturbances that are driving the term premium.
Of course, policymakers often may be uncertain about the reasons for changes in the term premium. Indeed, during the past few years, a variety of only tentative explanations have been o¤ered for the seemingly low term premium. In such a situation, policymakers may …nd our reduced-form analysis of the implications of the term premium for future economic activity to be a useful baseline. Our results suggest that a decline in the term premium has typically been associated with higher future GDP growth, which appears consistent with the practitioner view. Indeed, according to our reduced-form analysis, the attention that Federal Finally, our …nding that changes in the term premium have a signi…cant correlation with future GDP growth is not captured by many macroeconomic models. Understanding and incorporating this correlation within the framework of a model would appear to be a useful addition to the research agenda. In this regard, we only speculate that our empirical …ndings may re ‡ect a heterogeneous population in which a decline in the term premium makes …nancial market conditions more accommodative for certain classes of borrowers.
Appendix: Benchmark New Keynesian Model
To better understand the structural relationship between the term premium and the macroeconomy, we de…ne a simple New Keynesian DSGE model to use as a benchmark. This appendix provides a detailed description of the model, the benchmark parameter values we used in computing the impulse responses in Figures 1-3 , and our solution algorithm.
The economy contains a continuum of households with a total mass of unity. Households are representative and seek to maximize utility over consumption and labor streams given by:
where denotes the household's discount factor, c t denotes consumption in period t, l t denotes labor, h t denotes a predetermined stock of consumption habits, and , , 0 , and b are parameters. We will set h t = C t 1 , the level of aggregate consumption in the previous period, so that the habit stock is external to the household. 28 The household's stochastic discount factor from period t to t + j thus satis…es: m t;t+j j (c t+j bC t+j 1 ) (c t bC t 1 )
The economy also consists of a continuum of monopolistically competitive intermediate goods …rms indexed by f 2 [0; 1]. Firms have Cobb-Douglas production functions:
where k is a …xed, …rm-speci…c capital stock (identical across …rms) and where A t denotes an aggregate technology shock that a¤ects all …rms. The level of aggregate technology follows an exogenous AR(1) process: 28 Campbell and Cochrane (1999) consider instead a habit stock which is an in…nite sum of past aggregate consumption with geometrically decaying weights, and a slightly di¤erent speci…cation of the utility kernel. They argue that this speci…cation …ts asset prices better than the one-period habits used here. However, Lettau and Uhlig (2000) argue that the Campbell-Cochrane spec…cation signi…cantly worsens the model's ability to …t consumption and labor data. Intermediate goods are purchased by a perfectly competitive …nal goods sector that produces the …nal good with a CES production technology:
Each intermediate goods …rm f thus faces a downward-sloping demand curve for its product given by:
where
is the CES aggregate price of a unit of the …nal good.
Each …rm sets its price p t (f ) according to a Calvo contract that expires with probability 1 each period. There is no indexation, so the price p t (f ) is …xed over the life of the contract. When a contract expires, the …rm is free to reset its price as it chooses. In each period t, …rms must supply whatever output is demanded at the posted price p t (f ). Firms hire labor l t (f ) from households in a competitive labor market, paying the nominal market wage w t . Marginal cost for …rm f at time t is thus given by:
Firms are collectively owned by households and distribute pro…ts and losses back to the households. When a …rm's price contract expires and it is able to set a new contract price, the …rm maximizes the expected present discounted value of pro…ts over the lifetime of the contract:
where m t;t+j is the representative household's stochastic discount factor from period t to t + j. The …rm's optimal contract price p t (f ) thus satis…es:
To aggregate up from …rm-level variables to aggregate variables, it is useful to de…ne the cross-sectional price dispersion t :
where the exponent 1=(1 ) arises from the …rm-speci…city of capital. 29 We can then write:
where K = k and
and where equilibrium in the labor market requires L t = l t (where the latter is the labor supplied by households).
Optimizing behavior by households gives rise to the intratemporal condition:
and the intertemporal Euler equation:
(c t bC t 1 ) = exp(i t )E t (c t+1 bC t ) P t =P t+1 ;
where i t denotes the continuously compounded interest rate on the riskless one-period nominal bond. There is no investment in physical capital in the model.
There is a government in the economy which levies lump-sum taxes G t on households and destroys the resources it collects. The aggregate resource constraint implies that:
where C t = c t , the consumption of the representative household. Government consumption follows an exogenous AR(1) process:
where " .5
As discussed in the text, a …rst-order approximation (i.e., a linearization or log-linearization) of the model around the steady state eliminates the term premium from the model entirely, since equations (40) and ( ). Since our interest in this paper is not just in the level of the term premium but also in its variation over time, we must compute a third-order approximation to the solution of the model around the nonstochastic steady state. We do so using the nth-order perturbationAIM algorithm of Swanson, Anderson, and Levin (2006) . This algorithm requires that the equations of the model be put into a recursive form, which for the model above is fairly standard-the most di¢ cult equation is (40) , which can be written in recursive form as: 
The computational time required to solve our model to third order is minimal-no more than about 10 seconds on a standard laptop computer.
Computing impulse responses for this model is actually simpler than the use of a thirdorder approximation might suggest. We are interested in the responses of output and the term premium to an exogenous shock to " For the term premium, of course, the …rst-and second-order responses of that variable to each shock would be identically zero, so we plot the third-order responses of that variable.
These third-order terms are all of the form 2 Z X where Z 2 fA; G; ig and X is one of the state variables of the model, 31 so if we plug in the values of Table  A1 , these terms are linear as well, which makes them easy to plot. 31 In perturbation analysis, stochastic shocks of the model are given an auxiliary "scaling" parameter, so these shocks are third-order in a rigorous sense. See 
